capillaries have been reported to appear between days 18 and Normal chorionic villous vascularization is essential for the 20 post-conception (p.c.) (Kaufmann and Castellucci, 1995) . undisturbed development of pregnancy. Defective vasculo- Demir et al. (1989) identified haemangioblastic cell cords and genesis may play a role in pathological pregnancy. To assess primitive capillary sprouts without blood cells at day 21-22 pathological chorionic villous vascularization, normal vasp.c., but blood cells were present in the capillary lumina only cularization has to be defined first. Few data are available at day 28 p.c. There were, however, no convincing signs of a on this topic. The aim of this study was therefore to continuous vessel system and thus of functional embryonic investigate normal chorionic villous vascularization in circulation. It seems that haemangioblastic cells locally differultrasound-dated first trimester pregnancies from week 5 entiate from the mesenchyme and form cords or aggregates. menstrual age to week 12 (n ⍧ 41), using quantitative Capillary formation takes place by dilatation of intercellular CD34 immunohistochemistry. Two important processes clefts. Nevertheless, in these studies no distinction was made in chorionic villous vascularization were quantitatively between pathological material and normal controls. illustrated: (i) maturation, reflected by an increase of the In haematoxylin and eosin (H&E) sections, haemangioblastic total number of luminized vessels as opposed to noncells can hardly be seen until they form strings of endothelium. luminized haemangioblastic cords and (ii) margination, However, specific immunohistological markers may allow due to a decrease of villous stromal area and an increase identification of haemangioblastic cells at an earlier stage. of total villous vascular area. The percentage of villous CD34 is a transmembrane protein, with an extracellular stromal area occupied by vascular elements (area difference region made up of an amino-terminal mucin domain and a %) increased from 0.7% in week 5-2.5% in week 10. globular domain, which is related to immunoglobulin (Ig) Therefore, the area of the villous stroma occupied by domains. It was first described as being expressed on the vascular elements increases and the vessels are situated earliest human haematopoietic progenitor cells. The pattern of closer to the trophoblastic layer suitable for fetal-maternal expression of CD34 structure suggests that it plays an important exchange. There was also a trend in increased number of role in early haematopoiesis (Sutherland and Keating, 1992) . peripheral vessels (2.0 in week 5 to 4.6 in week 10),
The monoclonal antibody against CD34 could therefore provide supporting both developmental mechanisms. In conclusion, advantages over currently available antibodies reacting with in exactly dated normal human first trimester pregnancies, endothelial cells, such as factor VIII, CD31 and Ulex eurodevelopment of the chorionic villous vascular system seems paeus. CD34 immunohistochemistry was used to study early to be mostly characterized by maturation of luminized chorionic villous vasculogenesis in a pilot study (Exalto and vessels from primitive haemangioblastic cords, and marte Velde, 1994). In six legally induced abortions and 15 gination to a situation of peripherally located vessels.
pathological pregnancies the vascularization was described. In Key words: abortion/CD34/chorionic villi/immunohistochemthis study, capillary formation was seen only in the presence istry/vascularization of an embryo. In blighted ova and molar pregnancies only haemangioblastic cords were stained. To allow optimal maternal-fetal exchange of oxygen and nutrition between the intervillous maternal blood and the villi Introduction at the functional transfer site, the mean maternal-fetal diffusion distance must be as small as possible. In the chorionic villi, Normal chorionic villous vascularization is essential for the undisturbed development of pregnancy. On routine histological peripheral vessels are therefore needed (Burton and Feneley, 1992; Kaufmann and Castellucci, 1995) . The mechanisms of sections, deficient chorionic villous vascularization was found in cases of spontaneous abortion, e.g. blighted ova and macerprogressive margination of the capillaries is a subject of interest. The capillaries in the villus are positioned closer to ated embryos (Meegdes et al., 1988) . vascularization patterns in normal first trimester pregnancies has been described.
The aim of this study was therefore to investigate normal chorionic villous vascularization in exactly dated first trimester pregnancies, using standardized quantitative CD34 immunohistochemistry.
Materials and methods

Case selection
Records of patients who underwent legal abortion at the Department of Gynaecology and Obstetrics at the Spaarne Hospital, locations Haarlem and Heemstede, The Netherlands, in the years 1990-1991 were retrieved.
Ultrasound and clinical data were used to distinguish between Figure 3 . Total vascular elements in relation to menstrual age normal and defective embryonic development. Cases in which the during first trimester of pregnancy.
abortion was performed for medical reasons or with embryonic or placental abnormalities were excluded. The crown-rump length (CRL) and the dates of ultrasound examination and curettage were used to calculate the age in days of menstrual age (MA) of the embryo.
the villous surface with advanced maturation, since the mean Cases were grouped around complete weeks (Ϯ3 days).
villous diameter decreases and the dynamics and volume of After fulfilling the criteria, a random representative sample was the villous vessels change. No detailed quantification of villous drawn for every week of gestation; thus in 41 cases routinely and 43 years (mean 30). Duration of their pregnancies varied from 5 to 12 weeks MA. It was not possible to study vascularization in phosphate-buffered formalin fixed paraffin blocks were retrieved. The age of the 41 patients undergoing legal abortion ranged between 17 normal human chorionic villi before the 5th week MA, because these patients did not present themselves to our clinic, or after the 12th Statistical techniques week, since no legal abortions were performed after this period.
Linear regression analysis was performed to assess correlations between the age of the pregnancy on the one hand and the numbers Immunohistochemistry of central and peripheral cords and vessels, the areas of villous stroma Sections 4 µm thick were cut and mounted on 3-aminopropyland the percentage of villous stroma occupied by vascular elements triethoxy-silane coated slides. Incubation with monoclonal mouseon the other. anti-CD34 antibody (Biogenex, San Ramon, CA, USA) was performed at room temperature for 1 h, after blocking endogenous peroxidase. Detection of the primary antibody was performed using biotinylated increased with the duration of pregnancy, ranging from 7.5 at In these, 'cords', defined as clusters of CD34-positive haemangio-5 weeks to Ͼ10 at 10 weeks and later (r ϭ 0.89, P ϭ 0.003) blastic cells without lumen formation, as well as 'vessels', defined (Table II) .
as clusters of CD34-positive cells with an obvious lumen, were counted to depict the process of 'maturation' (Figure 1 ).
The morphometrical results are shown in Table III . The mean It was noted whether these cords and vessels were peripherally or villous stromal area decreased with duration of pregnancy, from centrally located, to illustrate the process of margination. 'Peripher-~1 9 000 µm 2 in week 5 to 9500 µm 2 in week 12 (r ϭ -0.96, ally' was defined as situated against the trophoblastic surface of the P Ͻ 0.001) as depicted in Figure 4 . The mean villous vascular villus. 'Centrally' was defined as without any connection to the area increased from about 135 µm 2 in week 5 to 325 µm 2 in trophoblast.
week 9. The percentage of villous stromal area occupied by vascular elements (area difference %) increased from 0.7%
Morphometrical analysis
in week 5 to 2.5% in week 10 (Table III, Figure 5 ).
Morphometrical measurements were performed using the QPRODIT interactive video-overlay system (Leica, Cambridge, UK). The system comprised an IBM-compatible microcomputer with a video overlay Discussion board, a computer mouse and a charge coupled device colour camera mounted on a standard light microscope. Contours of the stroma of Two different processes may be discerned in development of the previously mentioned 10 villi and all the included vascular blood vessels: vasculogenesis, defined as the development of elements were traced manually on the computer monitor with a blood vessels from in-situ differentiating endothelial cells, and mouse-controlled cursor at an on-screen magnification of ϫ600.
angiogenesis, defined as the sprouting of capillaries from pre-
The following features were calculated: area of the villous stroma, existing vessels (Rissau et al., 1988) . We believe that it is the without the trophoblastic layer, and all the vessels and cords, as well former process that is mostly observed during the first trimester as the percentage of villous stroma occupied by vascular elements.
in the development of chorionic villi. Therefore, to study early We only calculated the stromal area without the trophoblastic layer, vasculogenesis of chorionic villi, the primitive haemangiosince the trophoblast develops in a special way, not described in this study.
blastic cells from which the capillaries differentiate must be studied. To this end, the use of a sensitive immunohistochemical and margination and may play a role in the mechanism of spontaneous abortion. The CD34 immunoquantification may assay based on CD34 which stains these progenitor cells was proven to be quite helpful.
prove to be a sensitive method to assess the abnormal vasculogenesis in histological material of spontaneous abortions. This In the vasculogenesis of chorionic villi, several processes have been suggested such as maturation of vessels from will be the subject of further studies.
In conclusion, in exactly dated normal human first trimester haemangioblastic cords to luminated capillaries and the margination of vascular elements. This study provides for the first pregnancies, our data suggest that development of the chorionic villous vascular system seems to be mostly (but not necessarily time quantitative data to support these observations. Lumen formation is essential for the fetal-maternal oxygen exclusively) characterized by the maturation of luminized vessels from primitive haemangioblastic cell cords, and marand nutrition exchange. In the normal first trimester chorionic villi, the total number of vessels indeed increased, especially gination of vessels due to decrease of villous stromal area and the increase of the total vascular area. the peripheral vessels (Tables I and II, Figures 2 and 3) , indicating the maturation of cords into vessels. Therefore, since the vessels derive from cords, we expected the number
